Vascular endothelium appears to be a unique organ. It not only responds to numerous hormonal and chemical signals but also senses changes in physical parameters such as shear stress, producing mediators that modulate the responses of numerous cells, including vascular smooth muscle, platelets, and leukocytes. In many cases, the initial response of endothelial cells to these diverse signals involves elevation of cytosolic Ca 2+ and activation of Ca
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release is inositol 1,4,5 -trisphosphate, which is generated by the action of phospholipase C, a plasmalemmal enzyme activated in many cases by the receptor-G protein cascade. Ca 2+ influx appears to be related to the activity of receptor-G protein-enzyme complex and to the degree of fullness of the endoplasmic reticulum but does not involve voltage-gated Ca 2+ channels. The magnitude of the Ca 2+ influx depends on the electrochemical gradient, which is modulated by the membrane potential, V m . Under basal conditions, V m is dominated by a large inward rectifier K + current. Some stimuli, e.g., acetylcholine, have been shown to hyperpolarize V m , thus increasing the electrochemical gradient for Ca 2+ , which appears to be modulated by activation of Ca 2+ -dependent K + and CI" currents. However, the lack of potent and specific blockers for many of the described or postulated channels (e.g., nonselective cation channel, Ca uring the last decade, it has become increasingly clear that the endothelial cells lining blood vessels are more than a barrier between blood and surrounding tissues. In fact, the endothelium is a highly sophisticated, regionally differentiated organ that regulates vascular tone in both conduit and smaller resistance vessels 1 " 3 and plays a role in hemostasis, cellular proliferation, inflammation, and immunity. 4 " 11 Endothelial cells communicate Immorally with their neighboring smooth muscle cells by synthesis and release of vasoactive compounds such as endothelin, 12 prostaglandins, 13 and endothelium-derived relaxing factor (EDRF), 14 which is composed of nitric oxide 15 and related nitrosothiols. 16 In addition, direct electrotonic interaction between endothelial and vascular smooth muscle cells (VSMCs) has also been proposed. 17 - 18 The intracellular signal that links systemic or local external stimuli to the synthesis and release of EDRF and prostaglandins appears to be the level of free cytosolic calcium, [Ca 2+ ]j. Furthermore, [Ca 2+ ]| also seems to be involved in the contraction of endothelial cells and the increased permeability of microvessels in response to inflammatory agents (for review, see Reference 19) . Thus, a detailed knowledge of intracellular Ca 2+ homeostasis is essential for our understanding of the physiology, pathophysiology, and pharmacology of endothelial cells. The following sections review the importance of the endothelium in various disease states and the mechanisms underlying cytoplasmic Ca 2+ regulation under basal and stimulated conditions.
Importance of the Endothelium in Various
Disease States Increased systemic vascular tone, which is thought to result from enhanced circulating hormones (e.g., norepinephrine, angiotensin II), is among the most common hemodynamic findings in patients with heart failure. 20 However, heightened vasoconstriction correlates poorly with the plasma levels of these substances. 20 The poor correlation could possibly be explained by the involvement of local, endothelium-dependent factors, such as an imbalance of endothelium-derived relaxing and contracting factors. 21 " 23 This view is supported by numerous studies conducted in isolated vascular segments as well as in intact laboratory animals and human subjects in a variety of disease states, including systemic and coronary atherosclerosis, pulmonary and systemic hypertension, and heart failure ( Table 1) . 
Isolated Vascular Segments
In ring preparations of coronary arteries of pigs with hypercholesterolemia and atherosclerosis, endothelium-dependent relaxation in response to bradykinin, serotonin, and ADP was impaired 24 - 25 (Table 1 ). Similar observations have been made in small coronary resistance arteries (diameter <200 fim) of atherosclerotic monkeys, in which endothelium-dependent vasodilation was also found to be depressed. 29 The impairment of EDRF-mediated relaxation (in response to substance P, bradykinin, and calcium ionophore A23187) has been confirmed in isolated human epicardial coronary arteries as well.
30

Intact Laboratory Animals and Human Subjects
In a canine model of pacing-induced heart failure, the acetylcholine-mediated relaxation of the femoral artery was depressed, whereas vasomotor responses to nitroglycerin and norepinephrine were unchanged. 31 As predicted from the experiments on isolated vascular segments, patients with both mild and severe coronary atherosclerosis reacted to acetylcholine, an endothelium-dependent vasodilator, with vasoconstriction or decreased vasodilation, whereas their response to nitroglycerin was normal.
34
- 35 Endothelial dysfunction was evident in coronary resistance arteries in patients suffering from angina pectoris who had normal coronary angiograms. 36 The forearm vasculature of patients with essential hypertension also showed reduced response to acetylcholine, whereas the response to nitroprusside was indistinguishable from that of healthy control subjects.
38
-39 Several studies in patients with heart failure caused by ischemic or idiopathic cardiomyopathy report attenuated endothelium-dependent vasodilation for both forearm and coronary blood flow.
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The endothelium may also contribute to the increased vasomotor tone associated with certain forms of hypertension. For example, the plasma concentrations of immunoreactive endothelin, the most potent endothelium-derived vasoconstrictor peptide, 12 -43 were elevated in patients with severe systemic essential hypertension, 44 -45 secondary pulmonary hypertension, 46 and chronic heart failure. 47 These studies point to a putative role for endothelium-derived contracting factors in the pathophysiology of hypertension.
Regardless of whether impaired local vasodilation, increased vasotonus, or both are involved in cardiovascular disorders such as heart failure and hypertension, peptides (bradykinin, substance P) and autacoids (acetylcholine, histamine, ATP, serotonin), which depend on receptors on the endothelial cell surface. However, other stimuli, such as shear stress, hypoxia, and calcium ionophores, are receptor independent. The effects of the vasoactive constrictor peptide endothelin have been reviewed recently. 43 Some of the compounds that produce vasodilation are also neurotransmitters or cotransmitters. These substances cause vasoconstriction when acting directly on VSMCs, as would be expected after release from perivascular nerves. For example, ATP released from perivascular nerves leads to P^-purinoceptor-mediated contraction of vascular smooth muscle, whereas luminal ATP acts on P^-purinoceptors located on endothelial cells, resulting in EDRF-mediated vasodilation.
50 -52 It is therefore essential to identify the sources of vasoactive substances that induce endothelium-dependent responses by binding to endothelial cell receptors. One readily available and well-known source is cellular blood constituents such as platelets and erythrocytes, which release serotonin, ATP, and ADP.
52 -53 Another potential source is the endothelium itself, as choline acetyltransferase, substance P, serotonin, vasopressin, angiotensinogen, angiotensin II, histamine, ATP, and endothelin have been localized in endothelial cells from various blood vessels with the use of biochemical techniques and immunocytochemical staining in combination with electron microscopy. 54 - 59 In fact, human umbilical vein and rabbit aortic endothelial cells have been shown to release ATP, substance P, acetylcholine, and bradykinin into the culture medium.
60 -63 However, there is no conclusive evidence as to the physiological significance of this release mechanism in vivo.
One ubiquitous transduction pathway for receptorgenerated signals is through GTP-binding regulatory proteins (G proteins), 64 7879 However, documentation of a particular signal transduction pathway under defined conditions (species, regional vascular origin, conditions for cell isolation, culture, and experiment) is sometimes incomplete. Although a reasonable amount of information is available with respect to muscarinic, histaminergic, and purinergic stimuli, bradykinin, and thrombin (see Table 2 ), little is known about shear stress, an important physiological stimulus.
Although most of the stimuli listed in Table 2 need G proteins for signal transduction, their role in muscarinic and purinergic transmission has yet to be confirmed. Although a few of these agonists transduce their signal via pertussis toxin-sensitive G proteins, as shown in functional studies for a 2 -adrenergic, serotoninergic, and histaminergic transduction, 80 ' 114 functional as well as biochemical experiments have failed to demonstrate an effect of pertussis toxin for the majority of agonists ( Table 2 ). Experiments using A1F 4 " 123 or nonhydroh/zable GTP analogues point to the presence of pertussis toxin-insensitive G proteins in the signal transduction cascade for bradykinin, thrombin, and purinergic compounds.
-
82
- 101 However, recent evidence suggests that the transduction mechanism for bradykinin receptors probably involves pertussis toxin-sensitive as well as pertussis toxin-insensitive G proteins. 83 -84 Despite the diversity in receptors and G proteins, receptor activation appears to be followed by the increase in [Ca 2+ ], and by the release of EDRF. The Ca 2+ mobilization step can be modulated by both diacylgrycerol-activated protein kinase C and cyclic AMP-dependent protein kinase. For example, phorbol myristate acetate has been shown to inhibit bradykinin-and ATP-induced Ca 2+ release in bovine aortic endothelial cells, whereas cyclic AMP had the opposite effect and cyclic GMP had no effect. 85 Although endothelial cells have been shown to release arachidonic acid metabolites (e.g., prostaglandins I 2 and E2 and thromboxane 127 suggest that endothelial cells possess muscarinic receptors, which are heterogeneous with respect to subtype, vascular region, and species. However, interpretation of these data requires some caution, because muscarinic receptors can also be found on smooth muscle cells and neurons. A recent study comparing cultured aortic endothelial cells and VSMCs showed that cholinergic stimuli enhanced prostacyclin and cyclic GMP production in endothelial cells but not in VSMCs.
110 These effects were mediated by the activation of M 2 -and M 3 -receptors but not the M r receptor subtype, 110 which is in apparent conflict with a radioligand binding study that reported the presence of M,-receptors onry in isolated bovine aortic endothelial cells. 128 These apparent discrepancies could be explained by altered expression of muscarinic receptors in cultured as opposed to freshly isolated endothelial cells. Indeed, Northern blot analysis identified mRNA transcripts for the M r , M 2 -, and M 3 -receptor subtypes in freshly isolated endothelial cells, whereas cultured endothelial cells contained messenger RNA (mRNA) for only the M 2 -receptor subtype. 111 Because muscarinic receptor subtypes are differentially coupled to phospholipase C and adenylate cyclase, 129 the gradual loss of the M r and M 3 -receptor subtypes during cell culture may account for different functional responses to muscarinic stimulation in vivo or in freshly isolated cells versus cultured endothelial cells.
Functional studies in intact vessels suggest that M 2 -receptors mediate EDRF release and that endotheliumdependent hyperpolarization of VSMCs is caused by the M,-dependent synthesis and release of an EDHF. 130 -132 However, the chemical nature of EDHF and its mechanism of action are a matter of speculation. 133 Furthermore, since it has not yet been determined whether nitric oxide hyperpolarizes the plasma membrane of VSMCs, this compound may also be an EDHF.
134135
The acetylcholine-induced hyperpolarization in endothelial cells is primarily mediated by an inwardly rectifying K + current, I^AQ)) and is independent of G proteins 17 ' 112 ; however, the receptor subtype and the relation to EDRF and EDHF remain to be established.
Blood flow-induced forces (e.g., shear stress, stretch) are among the most important physiological stimuli and also among the least understood. Vasodilation due to shear stress is associated with increased release of EDRF, prostaglandin I 2 , or both. 136 The rise in prostacyclin production in endothelial cells exposed to increases in flow or shear stress 137 144 which may be due to a flow-activated inwardly rectifying K + channel (see below), increases the electrochemical gradient for and thus the influx of Ca 2+ . Over time, shear stress also affects the cytoskeleton. 7 However, because the studies cited above were performed with endothelial cells from various species and various sites, the steps linking shear stress to cellular responses have to be further elucidated. 
FIGURE 2. Graph shows elevation of [Ca 2+ ], in bovine endothelial cells treated with bradykinin (BK). Confluent monolayers of endothelial cells grown on glass coverslips were loaded with 20 (iMfura 2-AMfor 30 minutes and placed in a cuvette across the diagonaL The cuvette was placed in a spectrofluorometer maintained at 37°C and perfused at 3 ml/min with
Agonist-Evoked Ca 2+ Transient
Our understanding of the basis of Ca 2+ mobilization in endothelial cells after exposure to extracellular ligands has evolved through the use of different techniques, including intracellular fluorescent Ca 2+ indicator dyes. Many groups have shown that several ligands, including bradykinin, ATP, histamine, and thrombin, can elevate [Ca 2+ ]i in endothelial cells in monolayer culture from a basal level of 50-100 to 400-800 n M.86.88,89,iouo2,ii9,i2o The Ca 2+ spike is reached within 20-30 seconds, followed by a plateau phase that persists for 5-8 minutes ( Figure 2 ]i increases from basal levels to a peak, which is followed by a maintained plateau phase. The initial peak is unaffected by removal of extracellular Ca 2+ ; however, the plateau phase depends on the presence of extracellular Ca 2+ and, in fact, has been shown to depend on the calcium electrochemical gradient. 181 - 183 Although these cells have been demonstrated to be nonexcitable, 184 -193 i.e., they do not have voltage-activated Ca 2+ channels (for the only exception, see References 194 and 195) , the dependence of the delayed component of the Ca transient on the calcium electrochemical gradient indicates that knowledge of the electrical pathways is essential to our understanding of both the regulation of membrane potential in endothelial cells and calcium homeostasis within these cells (also compare earlier publications: . The different current pathways are summarized in Table 3 .
Basal Conditions
Membrane potential. Numerous investigators have measured resting potential in endothelial cells from various preparations using the "tight seal" technique, and a wide range of values has been reported, from approximately -80 up to nearly 0 mV (4.0-5.4 mM [K + ] o ). i7.iB2-i86,i88-i9o,2O2-2O4.2i 1-213 when resting potential was measured after a high seal resistance had been obtained, the relatively hyperpolarized values and the response of the resting potential to changes in [K + ] o suggest (Mullins-Noda modified constant field equation) that the membrane is selectively permeable to K + over Na + , with a P N ./P K of 0.027 (assuming a Na-K pump coupling ratio of 3:2). 183 Accurate measurement of the resting potential of endothelial cells is a prereq- uisite to understanding the basic electrophysiology and roles of various ion channels in the plasmalemma. The wide variability in observed resting potentials may reflect differences among species, level of the vascular tree, and tissue culture conditions. However, accurate measurement of the resting potential can be problematic in small single cells with high input impedance, in which the magnitude of the leakage conductance due to seal resistance becomes critical. The size of the leakage conductance determines the degree of variance between the true and measured resting potential. On the other hand, measurement of resting potential in a confluent monolayer is less dependent on seal resistance. Mehrke et al 213 have demonstrated that the histogram of the resting potentials of bovine aortic endothelial cell monolayers is bimodal, with one peak around -25 mV and another peak around -85 mV. The two peak values and the transition between them can be explained by an N-shaped current-voltage relation of the endothelia] cell membrane. In contrast, resting potential measurements in cultured guinea pig coronary endothelial cell monolayers showed a reasonable Gaussian distribution around -35 mV. One interpretation of these differences in resting potential values is that the regional differences in electrophysiological properties exist between endothelial cells at different levels of the vascular tree.
-
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Ionic currents. Numerous studies of voltage-clamped bovine aortic and pulmonary artery endothelial cells have shown that the basal current-voltage relation of these cells inwardly rectifies near the resting potential ( Figure 3 and Table 3 ). In the range of potentials from -40 to +50 mV, endothelial cells display very small, time-independent outward currents, whereas hyperpolarization to voltages negative to the reversal potential results in a large inward current (Figure 3) . Unitary current recordings obtained using the patch-clamp technique demonstrate a channel with permeation and gating properties comparable to those reported for the inward rectifier in other cell types. Experiments per-
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formed by other investigators have shown that the single-channel conductance estimated from inward current was 25-27 pS, and no evidence of current reversal was observed (Table 3) . As Campbell et al 183 have pointed out, this time-independent inward rectifying background current is the primary determinant of resting potential in these cells. It has been postulated that endothelial cells are electrically coupled not only to each other but also to VSMCs. 1718 In fact, in terminal arterioles, numerous gap junctions between endothelial cells and the underlying one or two layers of VSMCs have been found in a recent electron microscopic study on primate hearts. Myoendothelial gap junctions were found to be more abundant in coronary resistance vessels than in large coronary arteries. 214 - 218 Thus, the maintenance of a relatively hyperpolarized resting potential has been postulated to be of importance to both endothelial cell function and VSMC relaxation.
1718^219
Repeated studies have failed to demonstrate the presence of a delayed rectifier current in endothelial cells. However, one investigator 183 noted the presence of a fast-rising, rapidly inactivating outward current analogous to the transient outward or A current in approximately one third of the cells analyzed.
Agonist-Evoked Conductance Changes
Transmembrane potential measurements after exposure to a variety of agonists (e.g., bradykinin and ATP) have revealed a transient hyperpolarization that parallels the agonist-induced transient rise in cytosolic Ca 2+ levels. The magnitude of the hyperpolarization depends on the resting potential recorded in the cell. In cells with low resting potential (-10 to -30 mV), agonists induced a large hyperpolarization, whereas in those with membrane potential more negative than -80 mV, the hyperpolarization was much smaller in amplitude .18^21^213 Although Ca 2+ influx occurs during the delayed phase of the Ca 2+ transient, the anticipated depolarization does not occur, because the magnitude of the inward current is too small to offset the outward current generated by the Ca 2+ -activated K + channel or the Ca 2+ -actfvated Cl~ channel.
The absence of voltage-gated Ca 2+ channels in endothelial cells obtained from conduit vessels suggests that exposure to an agonist such as bradykinin activates a receptor-mediated Ca 2+ influx pathway, 184 which contributes to the Ca 2+ transient in these cells (a receptoroperated Ca 2+ channel has also been described in other cells; see References 220-222). Johns et al 184 have reported that thrombin and bradykinin rapidly activate a large inward current in bovine pulmonary artery endothelial cells. Ionic substitution experiments suggest that the influx pathway does not discriminate between Na + and Ca 2+ ; i.e., the pathway is nonselective. On the other hand, other investigators have failed to demonstrate an inward current during the early stages (<30 seconds) after exposure to bradykinin 192 ( Figure 3) . One can dismiss the explanation that those cells failing to demonstrate this inward current during the early stages were unresponsive to bradykinin, because an increase in outward current resulting from activation of calciumactivated K + channels was reported in one such study (see below). One explanation for this apparent discrepancy is that in the experiments reported by Johns et al, 184 shear stress was generated by the flow of agonist solution over the cell surface. However, it should also be noted that, although a variety of nonselective cation channels have been described in endothelial cells ( Table Figure 3) have observed a delayed (>30 seconds) increase in inward current that developed after exposure to agonist. Bregestovski et al 190 and, more recently, Nilius and Riemann 193 have described an inward, nonselective cation current evoked by histamine in human umbilical vein endothelial cells, which showed a latency of >60 seconds and was mimicked by application of A23187 (also compare Reference 209). The unitary conductance of 20-26 pS and the reversal potential measurements suggest that the channel is nonselective, although when internal K + was replaced with Na + , only inward currents were observed. Histamine in the pipette solution was unable to elicit single-channel activity but clearly induced single-channel activity in cell-attached membrane patches if present in the bath solution. Although both extracellular and cytosolic Ca 2+ were necessary for histamine to activate the channel, Bregestovski's experiments 190 allow no unequivocal conclusion with respect to the activation mechanism. These unitary currents have also been observed in the absence of agonist, as has a higher conductance, nonselective cation channel. 208 and rP 4 in activating the channel. Although this channel shares many of the attributes of the receptor-operated channel predicted from whole-cell recordings, the identification of more than one type of channel that is permeable to Ca 2+ in the plasmalemma suggests that additional experiments will be needed to clarify the relative contributions of these pathways to Ca 2+ influx in endothelial cells.
Recent studies have provided some insight into the ionic mechanism underlying the transient hyperpolarization of membrane potential that has been observed after exposure to a variety of agonists, such as bradykinin. Voltage-clamp studies have demonstrated that when intracellular Ca 2+ concentration is not buffered, exposure to an agonist results in a transient increase in outward current 197 ( Figure 3) . Single-channel studies in cell-attached and inside-out patches using standard patch-clamp technique have demonstrated a large, calcium-activated K + channel (150±10 pS) that is also voltage dependent. The physiological relevance of this channel is uncertain, as it was observed infrequently. 203 transient, the open probability does not attain its maximal value. As can be seen in Figure 3, ]i in single endothelial cells remains to be established. Thus, our understanding of the role of the different calciumactivated K + channels during agonist-evoked responses is still incomplete. The combination of fluorescent calcium indicator and electrophysiological techniques has been used to identify which channels were activated after the increase in intracellular calcium concentration induced by exposure to agonists. 192 The experiments showed that variable outward currents could be elicited during successive voltage ramps, apparently because of the opening and closing of one or more large channels. Because channel openings were sufficiently long at only one voltage (+40 mV), conclusions regarding the conductance of one of the channels were limited; therefore, direct validation of the channel by type that is activated during the calcium transient is necessary. Additional experiments using simultaneous measurement of [Ca 2+ ]i and single-channel currents are still needed to resolve the unanswered questions concerning regulation of channel gating, relative contribution of different channel types to the calcium-activated potassium current, and identification of relative apparent Kj values for different pharmacological agents in blocking these currents. Although a variety of Ca 2+ -activated K + channels in VSMCs and in fibroblasts have been reported to be sensitive to charybdotoxin, iberiotoxin, or tetraethylammonium ions, 224 -227 this has yet to be confirmed in endothelial cells.
It is of interest that a muscarinic-activated K + current has also been identified in bovine and rabbit aortic endothelial cells. The cholinergjc K + current is also inwardly rectifying, with a slope conductance of approximately 80 pS/pF at -110 mV (see Table 3 ; References 17 and 202). As a result, activation of this current also contributes to the hyperpolarization induced by acetylcholine.
Mechanically Evoked [Ca 2+ ] and Conductance Changes
Vascular endothelium is subjected to flow-related forces (shear stress, pressure, stretch), the principal one of which is shear stress. It is sensed by the endothelial surface and varies considerably (20-50-fold) throughout the vascular system (for review, see Reference 228) . Shear stress evokes changes in morphology and release of vasodilators, 228^29 which may be mediated in part by changes in membrane conductance properties and cytosolic Ca 2+ levels. Cytosolic Ca 2+ measurements have revealed that endothelial cells may respond to shear stress with an initial transient rise in [Ca ] , followed by a small, elevated plateau. 140141 This response is uniformly seen but can be quite variable. Perfusion of rabbit iliac arteries at varying flow rates induced proportional increases in vessel diameter, which were antagonized by N°-methyl-L-arginine. 230 BaCl 2 and antagonists of the calcium-activated K + channel (charybdotoxin, iberiotoxin) also blocked flow-mediated vasodilation. 230 When cultured endothelial cells were added to a flow chamber containing a vascular ring without endothelium and were stimulated subsequently by flow, they relaxed the vascular ring, and this relaxation is inhibited by Ba 2+ , tetraethylammonium ion, or charybdotoxin. 230 These data suggest that flow activation of a potassium channel (possibly the calcium-activated K + channel) is necessary for release of nitric oxide. However, it should be pointed out that these data still do not exclude the possibility that a hyperpolarization of the endothelial cells is propagated electrotonically to VSMCs, contributing to their relaxation. Lansman et al 187 have described single, stretchactivated channels in porcine aortic endothelial cells. These channels were activated by applying suction to the patch-pipette in the cell-attached configuration and were shown to be cation selective and Ca 2+ permeable. As a result, Ca 2+ influx through these channels might be sufficient to account for the elevation in cytosolic Ca 2+ and release of vasodilators during exposure to shear stress.
A different type of shear stress-activated current has been described in bovine aortic endothelial cells. 210 Using flows that resulted in wall shear stress comparable to those occurring in the arterial system in vivo, Olesen et al 210 demonstrated the transient activation of an inwardly rectifying, highly selective K + current. This flow-induced current caused a hyperpolarization of endothelial cells, which could be propagated to electrotonicalry coupled VSMCs, resulting in their relaxation.
Pumps, Exchangers, and Cotransporters
In addition to the ion channel-mediated permeation pathways, a Na+. K^ 237 have been demonstrated in the plasmalemma of endothelial cells (see Figure 1) . Several groups 238 -241 provided evidence that a Na + -K + -Cl" cotransport system is a major pathway for Na + and K + transport in bovine aortic endothelial cells. The ion flux by this transporter can be modulated by a variety of compounds: It is increased by Ca 2+ , bradykinin, vasopressin, and angiotensin II and decreased by acetylcholine, histamine, norepinephrine, and the cyclic nucleotides cyclic AMP and cyclic GMP.
Although 
Future Directions and Conclusions
As knowledge of endothelial cell function has evolved, our understanding of Ca 2+ homeostasis has markedly increased. Ca 2+ influx into the cytosol from both the ER and the extracellular space through the plasma membrane contribute to the Ca 2+ transient. Although endothelial cells are inexcitable, Ca ^-permeable channels (Table 3) are responsible for Ca 2+ influx, whereas Ca 2+ -activated K + channels and inward rectifier K + channels are responsible for maintaining the cell at a relatively hyperpolarized potential during the plateau phase of the Ca 2+ transient to maximize the calcium electrochemical gradient. The redundancy in ion channel types points to the importance of these pathways in the function of endothelial cells as well as the need for identifying their relative contribution to Ca 2+ and K + fluxes. In addition, there is little information about the blocking action of a variety of compounds on the individual currents. This limits the extrapolation of the contribution of a particular current to the function of the endothelial cell.
Many clinical and laboratory studies suggest the involvement of the endothelium in disease states such as atherosclerosis, hypertension, and heart failure. However, the pathophysiological basis of endothelial cell dysfunction remains to be elucidated. More information is also needed with respect to signal transduction pathways and receptor subtypes mediating the actions of endothelium-dependent vasoactive compounds.
One major problem that has not yet been mentioned is the source or sources of the available evidence. A number of studies have dealt with the remarkable regional heterogeneity of the regulation of vascular tone and have shown differences not only between arterial and venous vasculature but also between large arteries, arterioles, and capillaries. Small arteries, arterioles, and capillaries are generally considered the most important with respect to systemic vascular resistance. However, the majority of endothelial cell data available and presented in this paper has been collected from large arteries of multiple animal species, as well as from human umbilical vein endothelial cells, which are probably not representative of the endothelial cell from the resistance vessels. Therefore, our present ideas should be reevaluated in microvascular endothelial cells.
Finally, the application of molecular biological techniques to study ion channels in endothelial cells will be of interest not only to investigators studying these cells but also to investigators studying ion channels in general, given the plethora of stretch-activated, receptoroperated, and nonselective channels in endothelial cells. Evidence of endothelial dysfunction in coronary resistance vessels in patients with angina pectoris and normal coronary angiograms. 
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